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1 Necessity for a valuation of eco-related consequences 
Objective of a valuation. The objective of a valuation is to assign values to specific al-
ternatives of action, goods or services.2 In the process of operational management con-
trol especially decisions about operations, processes, products and services require a 
solid valuation basis. This valuation is necessary in order to achieve the best use possi-
ble (utility perspective or target perspective) of scarce resources in the form of goods 
and services (resource perspective).3 Since scarcity itself can not be influenced by 
economists it must be their concern to guarantee the best employment possible in the 
form of a minimax- or maximin-solution. 
Specifics of a valuation of eco-related consequences. The need for a valuation of envi-
ronmental goods arises from the increasing importance of aspects of environmental pro-
tection both on the economic as well as on the managerial level. Setting oneself the goal 
of efficiency is only meaningful in the event of a situation of scarcity where the scarce 
resources can be assigned a value. The specific in the valuation of environmental goods 
is the disagreement about the existence of the criteria scarcity and value character. 
Criterion scarcity. If ecological scarcity can be defined as a function of supply evaluated 
on a monetary basis and demand evaluated on a monetary basis then the use of materials 
taken from nature and the absorption of materials released into nature has to be defined 
as ecologically scarce for the complete eco-system, independently of the current eco-
nomic valuation of these materials. 
It can be distinguished between two types of ecological scarcity: 
• = rate scarcity and 
• = cumulative scarcity.4 
Rate scarcity means that a damage to the overall system occurs when a critical rate of 
use (e.g. use of resources) or absorption (e.g. release of materials into the air) is ex-
ceeded. This means that certain quantities do not cause a damage to the overall system 
(one should remember the natural "burden" on the environment by CO2 ), an exceeding 
- especially for a longer term - can, however, lead to a disturbance of the ecological 
equilibrium. Cumulative scarcity means that the resource or the absorption medium re-
spectively is exhausted after a finite number of uses, e.g. natural oil deposits or the ca-
pacity of a refuse disposal site. Ecological scarcity is therefore characterized by a certain 
critical limit to the use of a resource or pollution medium (carrying capacity, perform-
ance limit) respectively as well as by the scope of the entirety of all uses. In general, one 
can already speak of ecological scarcity when the extent of use has only approached the 
limit which still lays in a tolerable distance. 
Criterion value character. Regarding the criterion of value character for the resources as 
well as for the utility obtainable with them one can distinguish between a monetary - 
that dominates in the classic science of business management - and a non-monetary 
                                                 
2  See NICOLAI, L.A. / BAZLEY, J.D. / BRUMMET, R.L. (1976), pp. 38 ff.; PICOT, A. (1977), p. 178 and HAL-
LAY, H. / PFRIEM, R. (1992), pp. 38ff.. 
3  See WEIMANN, J. (1991), pp. 15 ff.. 
4  See MÜLLER-WENK, R. (1978), pp. 37 ff.. 
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valuation (see figure 1). For already internalized effects the possibility for a valuation is 
given. For the valuation process a differentiation of classic (mostly monetary) or an ex-
tension by new (often also non-monetary) information and decision instruments can, 
however, become necessary. External effects can not directly be assigned a value. If the 
objective of a complete valuation of the use of the ecological environment shall be 
achieved an extension of the instruments will be necessary in any case. 
recording
valuation
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effects
external effects
monetary
differenziation of 
classical 
information 
and 
decision
instruments
extension of 
classical 
information and 
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instruments
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monetary
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Figure 1: Connection between recording and valuation 
2 Stages of a valuation process  
Connection between recording and valuation. Each valuation process is preceded by the 
selection of the target object that is supposed to be evaluated. This definition of the sys-
tem boundaries belongs methodically to the recording problems; however, the selection 
and definition process already presents an implicit valuation. In a second step the con-
sequences to be evaluated have to be determined. This definition of the effects to be 
considered presents again an implicit valuation. In the last step the valuation of effects is 
carried out which can be described as explicit valuation. 
Three-step valuation process for eco-related consequences. These three steps result in a 
three-step valuation process for eco-related consequences5: In the first step all environ-
mental impacts6 that originate with a certain system, e.g. a plant, a process or a product, 
are recorded. However, only the environmental effects resulting from these impacts can 
                                                 
5  This three-step structure corresponds in its content with DIN EN ISO 14040; see DIN EN ISO 14040, August 
1997. 
6  Environmental influences consist of the completely quantifiable mass and energy flows between system and envi-
ronment. 
Valuation of eco-related consequences 4 
be evaluated.7 Consequently, first of all these impacts have to be identified. Afterwards, 
the recorded environmental effects have to be evaluated. The result is a valuation con-
cept with the following three stage that are based on each other (see figure 2): 
quantitative recording of
environmental impacts
inventory analysis
1. stage:
impact analysis regarding
environmenntal effects
impact analysis
2. stage:
valuation of
environmental effects
impact valuation
3. stage:
recording problems valuation problems  
Figure 2: Three-step valuation process  
The separation of effect analysis and balance valuation is more of a theoretical nature 
because in the practical realization these two phases are usually connected. The differen-
tiation between recording and valuation problem, however, continues to exist in princi-
ple. 
This article will, first of all, discuss the question of the implicit valuation through the se-
lection of the target object for the life-cycle inventory. For the impact analysis the eco-
related consequences are investigated and afterwards, for the impact valuation, evalu-
ated using the valuation model.  
2.1 Target object 
Objects under review. For the target object all mass and energy flows entering or leav-
ing the system as well as the permanently environmentally relevant effects that have not 
received attention in the input-output-analyses so far, e.g. land use, building as well as 
goods in stock and fixed assets, have to be recorded. For the recording the system 
boundary needs to be defined using several examination criteria. In this connection cer-
tain principles have to be observed and standards for the inclusion have to be taken into 
consideration. 
2.1.1 Examination criteria for the definition of the system boundary  
Significance of the choice of the system boundary.8 The target object to be evaluated is 
defined through the definition of a system boundary. For this in a first step the examina-
tion levels, that can influence the system boundary, have to be determined. In a second 
step the examination criteria for the operationalization are deduced. 
Examination levels. The delimitation of a target object is determined by three examina-
tion levels: The rules of law that form the basis for the valuation (legal examination 
level), ecological conditions (ecological examination level) and economic necessities 
(economic examination level) can all influence the choice of the system boundary. 
                                                 
7  Environmental impacts are effects on plants, animals and materials caused by environmental influences; See 
SCHULZ, E. / SCHULZ, W. (1993), p. 47; § 3 Abs. 2 BImSchG in: STOBER, R. (1992), p. 88. 
8  See GÜNTHER, E. / SCHILL, O. (1997), pp. 60 ff. 
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Examination criteria. In the operative experience it can be noticed that despite existing 
rules of law and economic necessities the choice of the system boundary can not always 
be carried out in an unequivocal way. Therefore for both examination levels criteria 
have to be developed that make possible an unequivocal allocation or non-allocation re-
spectively to a system. This can be a  plant, a process, a product or a service. 
Legal examination level. In rules of law the legislator very often determines the exami-
nation criteria space and control. From the EU-Eco-Audit-Regulation9 for example the 
following two examination criteria can be deduced: 
• = Examination criterion space: By the term „the area ...“ the legislator unequivically 
determines a demarcated space as system boundary. The ascertainment of the eco-
logical situation of a location can – contrary to the ascertainment of the economic net 
worth position, financial and profit situation10 - be carried out independently of the 
legal independence of the firms established at this location. Besides the site also a 
plant, a process, a product, a company, a branch or the whole national economy can 
be defined as spatial system boundary. The last two definitions, for example, are the 
basis for the statistics of the National Bureau of Economic Research in Wiesbaden. 
• = Examination criterion control: The activities that are controlled by a company are de-
fined as belonging to the site. This definition represents an upper as well as a lower 
limit, i.e. all activities controlled by a company, but only these, are to be included. 
The legal independency plays an important role for the control of the ecological 
situation since decisions can only be taken within the legal and organizational inde-
pendent units. 
Order of preference within the legal examination level. The question, which relation ex-
ists between the examination criteria space ands control, has to be answered with regard 
to the goal of an extensive presentation of the ecological situation of a company. The 
regulation provides, for example, the goal of a continuing improvement, i.e. a special 
value is attached to the possibility to influence the ecological situation. In addition, there 
has been a development that locations splinter more and more due to technical innova-
tions. Therefore, in the case of doubt the examination criterion control dominates the 
examination criterion space. 
Ecological examination level. For the determination of the system boundary using eco-
logical requirements two examination criteria can be deduced: 
• = Examination criterion scope of the activity in an ecological sense: In order to come 
up to the goal of  an extensive presentation of the ecological situation one has to ask 
for the importance of the individual activities for the ecological situation. The crite-
                                                 
9 EUROPÄISCHE WIRTSCHAFTSGEMEINSCHAFT (EWG) (Eds.): Verordnung (EWG) Nr. 1836/93 des Rates 
vom 29. Juni 1993 über die freiwillige Beteiligung gewerblicher Unternehmen an einem Gemeinschaftssystem für 
das Umweltmanagement und die Umweltbetriebsprüfung [Regulation (EWG) Nr. 1836/93 of the council from 
June 29, 1993 about the voluntary participation of commercial companies in a group system for environmental 
management and eco-auditing]. In: Amtsblatt der Europäischen Gemeinschaften, 36 Jg., Nr. L 168/1 vom 
10.7.1993. 
10 COENENBERG, A. G. (1997a),  p. 10 
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rion of ecological scarcity with the two coinages rate scarcity and cumulative scarcity 
can be called in for this. 
• = Examination criterion ecological net effect: If the scope of the activity presents an 
absolute unit of measurement then the relative burden to the ecological environment 
caused by an action is determined using the ecological net effect. For the relative 
ecological importance of a recycling measure the input-based  material and energy 
savings as well as the output-based sparing of carrying media are confronted with 
the additional material and energy expenditures as well as the additional burden on 
the carrying media.11 System boundaries are therefore to select in such a way that 
the presented information can be recorded within the system. 
Economic examination level. If no unequivocal decision can be made regarding the in-
corporation in a target object using legal and ecological examination criteria, then eco-
nomic examination criteria have to be used: 
• = Examination criterion duration of the activity: If activities take place only temporar-
ily within or outside of the system, it has to be investigated whether the activity is to 
be included in the valuation. 
• = Examination criterion importance: An examination criterion, that is not of textual na-
ture, is the principle of importance which says that the additional expenditure for in-
formation acquisition should stand in a reasonable relation to the utility of this infor-
mation.  
2.1.2 Principles for recording eco-related consequences 
Necessity. After having defined the system boundaries the eco-related consequences 
have to be recorded. In order to secure an accurate recording, the following principles 
for the determinination of consequences have to be observed:12 
• = Principle of completeness 
In order to be able to determine the ecological situation of a company all monetary and 
non-monetary consequences of internal and external nature have to be included in the 
deliberation. 
• = Principle of the freedom of arbitrariness 
The recorded consequences have to be of such a nature that they are also detectable by 
other persons. This means that the focus lays on primary effects which directly and un-
equivocally can be attributed to the company. 
                                                 
11 See WITTMANN, R.G. (1994),  pp. 27 f. 
12 See BUNDESVERBAND DER DEUTSCHEN INDUSTRIE e. V. (BDI) (Ed.) (1979), p. 1; SCHULZ, W. 
(1991), p. 227;  STAATLICHER MINERALBRUNNEN BAD BRÜCKENAU (Ed.) (1992), p. 27; HALLAY, H. 
/ PFRIEM, R. (1992), p. 14.; see the analogy to the principles of orderly accounting in COENENBERG, A.G. 
(1997a), pp. 34 ff.. 
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• = Principle of clarity 
In order to guarantee the clarity of the proceeding similar-natured circumstances are to 
condense. Contrary, if comminglement of effects impairs the clarity of information then 
circumstances have to be separated from each other. 
• = Principle of continuance  
For making an extensive information collection and an extensive information analysis 
possible a comparability across periods should be aspired. 
• = Principle of factual delimitation  
While isolating internalized costs delimitation problems occur in all cases in which pro-
visions, plants or installations serve environmental protection as well as the production 
in the more narrow sense.13 As delimination criteria the main purpose and the induce-
ment principle come into consideration.14 
• = Principle of temporal delimitation  
Besides the factual delimitation problems, in addition temporal allocation problems can 
arise. It therefore has to be defined how long in the case of reduced output due to eco-
logical reasons or in the case of a shutdown the resulting loss in revenues as well as the 
idle capacity costs are reported as ecological costs or at which point in time external 
costs are recorded for the first time respectively. 
• = Principle of efficiency  
Especially in the area of eco-based information a complete recording of data is not pos-
sible. Here, similarly to all managerial decisions, the principle of efficiency holds true. 
2.1.3 Standards for inclusion  
Standards for inclusion. Based on the examination criteria and principles discussed 
above we can now – again for developing an inventory after the European Management 
Audit Scheme15 - deduce standards for the obligation, the inhibition or the right of 
choice for inclusion.16 
General obligation for inclusion. A general obligation for inclusion in the inventory ex-
ists for all processes controlled by a company and taking place at a spatially delimitated 
site and for the inventory of fixed and current assets existing at this site. 
Prohibition of inclusion. The general obligation for inclusion is faced by a prohibition of 
inclusion when the field of operation deviates from the one typical for the site to such an 
extent that the inclusion contradicts the obligation to mediate a picture of the ecological 
                                                 
13  See RENTZ, O. (1979), p. 18; VEREIN DEUTSCHER INGENIEURE (VDI) (Ed.) (1979), p. 2 and VEREIN 
DEUTSCHER ELEKTRIZITÄTSWERKE (VDEW) (Ed.) (1986), p. 18. 
14  According to the main purpose principle all costs are completely allocated to the main purpose of the provision, 
plant or installation. The differentiation between main and secondary purpose can, however, be problematic. The 
inducement principle leads to an allocation of costs to the purpose that has lead to the execution of the measure. 
An allocation to the arousing measure is often not possible anymore because environmental investments often 
bring follow-up investments and/or current costs with it.  
15  The Environmental Management and Audit Scheme (EMAS) is chosen as reference object because it is the evi-
ronmentally relevant legal provision most often used in Germany. 
16 See COENENBERG, A. G. (1997a), pp. 82 f. 
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situation of the site that reflects the real circumstances (e.g. the rent-out of part of the 
storage area to another company). This proceeding in principle contravenes the goal to 
give a description of the ecological situation of the site. Therefore a very narrow inter-
pretation of the prohibition is necessary. If this rule for prohibition comes into play the 
reasons for this exclusion have to be explained in full detail. 
Right of choice for inclusion. A right of choice regarding the inclusion of certain flow 
and stock variables in the inventory of a site exists when the examination criteria do not 
lead to an unequiocal result. This can be the case when  
1. operational subtasks are temporarily and to a small extent executed on another site 
due to outsourcing (e.g. farming out work to sub-contractors), 
2. items of property are temporarily in a small extent placed at the company’s disposal 
(e.g. products placed at disposal by the customer according to DIN ISO 9000 ff.) and 
3. local commuter travel is provided partly by the company-owned vehicles pool and 
partly by emplyee-owned vehicles. 
Implicit valuation. By defining the system boundaries the decision about the target ob-
ject to be investigated is taken. By this the kind of valuation is already determined. Even 
if no valuation by amount does yet exist, it still represents an implicit valuation. 
2.2 Eco-related consequences 
Valuation problem. In order to be able to assess the ecological situation of the target ob-
ject also in regard to the ecological relevance of the recorded flow and stock variables, 
solving the problem which terms to include in the analysis is not sufficient. Based on it 
the valuation problem has to be solved. For this the effects in their nature (impact analy-
sis) have to be determined first and then they are valuated by their amount (impact 
valuation). 
2.2.1 Determination of effects in terms of their nature  
Impact matrix. For the determination of the effects that are caused by the recorded flow 
and stock variables two interdependent assessment levels can be used: 
• = On the one hand, environmental impacts can impair the main functions of the ecosys-
tem for the economy, namely the supply function, the carrying function and the ad-
justment function. Within the framework of the supply function nature supplies re-
sources in the form of material and energy which mostly come into consumption af-
ter having gone through different processing and work stages. The carrying function 
takes care of the reabsorption of refuse and waste originating with the production and 
consumption. The adjustment function, after all, serves the essential maintenance of 
the ecological equilibrium. 
• = On the other hand, these functions are all impaired in two different ways: by the 
predatory exploitation of non-renewable resources (effect on cumulative scarcity) 
and by the pollution of the ecological environment (effect on rate scarcity). 
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 assessment 
 criteria 
ecol. 
scarcity 
supply 
function 
carrying 
function 
adjustment 
function 
rate 
scarcity 
I: renewable raw 
materials 
E: irrigation of 
plantations 
I: air emissions 
with critical values 
E: air emissions 
without critical 
values 
I: water pollution 
with levy  
E: water pollution 
without levy  
cumulative 
scarcity 
I: fossil fuels 
E: clean air 
I: disposal site 
space 
 
E: legacy of 
dangerous waste 
problems  
I: self-cleaning of 
waters  
E: dumping of toxic 
waste at sea  
I: internalized effects, E: external effects 
 
Figure 3: Impact matrix 
2.2.2 Internalized und external effects 
Internalized and external effects. Within each of these matrix squares a differentiation, 
regarding the consideration in the corporate information and decision process, in inter-
nalized and external effects can be carried out. For this the causation of the effect and 
the responsibility for the effect serve as delimitation criteria. 
decision relevance
delimitation criteria
internalized effects external effects
causation given given
responsibility given not given
 
Figure 4: Responsibility/Causation: Differentiation between internalized and external effects  
a) Internalized effects 
Basic effects. The demands submitted to the company by the stakeholders are partly in-
ternalized, i.e. they are already taken into account in information and decision proc-
esses.17 This is the case for all environmental goods that are purchased on the market 
                                                 
17 For a definition of the term internalization see e.g. KRÜGER, B. (1975), p. 25. 
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(basic effects18). In addition, all effects are internalized for which a duty for recording 
exists, e.g. based on obligations under public law. 
Differentiation of basic effects. Even if internalized effects have already made their way 
into information and decision instruments consequences of environmental protection 
measures are often contained in other positions and therefore not recognizable. In order 
to be able to make a statement about the ecological effects of a decision environmental 
investments are to be shown separately or are to isolate respectively. 
Extension by other and additional effects. At the same time, a voluntary internalization 
of external effects in the form of imputed effects can contain new information or show 
decision leeways19, i.e. it "will make visible that which is currently invisible".20 In the 
course of this, corresponding to the traditional division of imputed costs into other and 
additional costs, a division into other and additional effects can be carried out. Other ef-
fects have to be considered if an internalization is already completed but does not yet 
fully include external effects21. Additional effects have to be recorded if consequences 
have not been taken into consideration yet.  
b) External effects 
Definition. External effects22 result from the use of resources and represent influences 
that affect the direct utility of others, can not be governed by the price mechanism and 
can not be controlled by the economic subject that is affected by the external effect. Ex-
ternal effects can originate with production or consumption activities and impair the 
production or utility function of other economic subjects which leads to a damage to the 
overall economic efficiency. External effects occur when goods are scarce and a re-
source is not used according to its economic value. In the monetary valuation practice 
one can partly already talk of value inversion because property, when considering liabil-
ity reserves established for the legacy of dangerous waste, or utilitarian objects, when 
considering disposal costs, actually have a negative value. The reasons for the non-
value-congruent use can lay in a lacking valuability or in the missing responsibility as-
signation. 
Effect direction. External effects can occur in positive or negative form, however all 
demands submitted by the stakeholder groups refer exclusively to negative effects 
which lead to material or non-material damnification (external costs). Characteristics are 
the failure to comply with the principle of causation, the passing on to non-involved 
third parties as well as the failure of the market mechanism to cover the effects. 
Optimal degree of internalization. An economic solution for the treatment of external ef-
fects can - in the extremes – reduce itself to the compulsory (already internalized ef-
                                                 
18 The term basic effects is chosen with reference to the term of  basic costs in the system of cost accounting. They 
fully represent the use of environmental goods. 
19 See FRESE, E. / KLOOCK, J. (1989), p. 15. This line of proceeding can be undertaken with reference to the con-
cept of imputed costs. How far the internalization is actually completed depends on the current competitive situa-
tion; see DÜRR, H. (1989), p. 8 and BEHRENS-EGGE, M. (1991), p. 91. 
20 GRAY, R.H. (1992), p. 417. 
21 The CO2  emissions connected with the use of fossil energy sources do not have to be internalized because of 
missing legal regulation, only a right of choice for recording the external effect exists; see e.g. KLOOCK, J. 
(1990a), pp. 23 f.. 
22) For a definition of the term see e.g VON WYSOCKI, K. (1976), p. 171 and PICOT, A. (1977), p.165. 
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fects) or on the other hand try to include all resulting effects. Since the absolute lower 
limit due to legal regulations (e.g. public charge for sewage water) has to be observed 
by all companies and an internalization of all external effects would lead to an abolition 
of any production activities one has to ask for an optimal solution. 
Extension of the information instruments. A pool of instruments that provides for a con-
sideration of external effects makes a fast estimation of consequences of future envi-
ronmental conditions (e.g. new environmental regulations) possible. Following this line 
of proceeding already today all company-caused effects are considered in the decision 
process. Whether these company-caused external effects influence the decision depends, 
however, on the objective chosen by the company and the estimation of probabilities for 
a compulsory internalization. 
Recording problems. While considering the caused effects the following problems ap-
pear:23 
• = Because of their complexity scientific relationships are partly not yet sufficiently 
known to make an impact analysis between the source of a damage and the damage 
itself possible (diffusion effects). 
• = If a company emits several pollutants then these can cumulatively lead to a higher 
damage than the sum of the damages caused by each pollutant (synergy effects). 
• = The impacts of a certain burden type caused by a company can, when considered 
isolated, have only minor consequences. However, when the impacts of the same 
burden type of several companies are cumulated then the damage can grow 
exponentially (cumulative effects). 
• = The effect between the source of damage and the damage itself often takes several 
years to appear so that the perpetrator can not unequivocally be identified anymore 
or the effects have to be allocated to several periods respectively (long term effects). 
• = Especially for energetic emissions high distances can lay between the source of the 
damage and the occurring damage (distance effects). 
• = Lastly the possibility exists that two effects counterbalance each other 
(compensation effects). 
Conclusion. It would be a curtailed reflection to draw, based on the complexity of the 
effects and the problem areas discussed above, the conclusion that an integration of eco-
logical aspects in corporate information and decision instruments can not be accom-
plished. On the contrary, it has to be the objective of an eco-oriented business manage-
ment to record where and in which form internal and external burdens occur. 
2.2.3 Multicriteriality 
Problem of multi-criteriality. When defining impacts the problem of multi-criteriality 
appears. This means that several different impact categories can be used in the valuation 
of the target object. This fact results in a need for different concentration steps: 
                                                 
23  See GÜNTHER, E. (1994), pp.141 f. 
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• = Selection: Here three classes can be distinguished: known considered impacts, known 
unconsidered impacts and unknown impacts. 
• = Aggregation: In the case that different units can be assigned to the considered impact 
categories an aggregation to an one-dimensional or multi-dimensional term can be-
come necessary. 
• = Units: In the case of physical terms different mass (volume or weight) and energy 
units can be assigned to the impacts. For monetary figures the impacts can be pre-
sented in DM or other currencies. 
• = Scale: Finally we have to ask whether a natural zero point exists and which scale 
(nominal, ordinal or cardinal) is meaningful for delimiting the categories. The nomi-
nal representation of the recorded objects on the level of the impact analysis has to be 
defined regarding its extent on this level, i.e. it has to be measured. Measuring can be 
defined as the assignment of numbers or symbols to objects or incidents according to 
pre-determined rules while differences between measuring results reflect the differ-
ences between the objects. Characteristic mintages are measured using a nominal, or-
dinal or cardinal scale.24 For example, different recycling measures are measured us-
ing a nominal scale; the degree of pollution of materials is measured ordinally; all 
monetary and physical-technical terms are to be measured with a cardinal scale. 
Conclusion. By an impact analysis all impacts are defined in terms of their nature. 
However, it is not yet an explicit, but an implicit valuation.  
2.3 Impact valuation 
Determining impacts in terms of amount. A value has to be assigned to the ecologically 
relevant consequences before their integration in corporate information and decision 
processes. For already internalized effects a valuability is given based on available eco-
nomic or ecological scarcity. External effects can not be assigned a value directly. 
Therefore, both a monetary and a non-monetary value has to be assigned to the results 
of the impact matrix. 
Monetary vs. non-monetary valuation. If the determined values shall flow into the clas-
sical apparatus of cost accounting then a monetary valuation is required.25 In case this is 
not possible it has to be tried in a second step to carry out a quantitative non-monetary 
valuation. In the area of eco-based questions this will be especially based on physical 
terms. If this way is also ruled out, e.g. in the valuation of the impairment of the leisure 
value of a landscape, then the valuation has to be based on a purely qualitative valuation 
                                                 
24) See BAMBERG, G. / BAUR, F. (1993), pp. 6 ff. 
25) The concepts already present in the literature are, when sufficiently specified, in many cases transferable to ques-
tions of environmental protection; see FRESE, E. / KLOOCK, J. (1989), p. 19. From the fact that an application is 
not yet customary can not be concluded that this is not possible, rather the necessary input parameter have to be 
determined. 
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which, however, has a very subjective character and can hardly be put on an objective 
basis because different ways of looking at the facts are possible.26 
Valuation preconditions. From these objectives the most important preconditions that 
have to be met by a valuation can be deduced.27 
• = Target oriented objectivity of the valuation which makes an intersubjective ex-
aminability possible. 
• = Validity of the valuation which shall make sure that the results of the valuation pro-
cedure satisfy the desired requirements. 
• = Reliability of the valuation which is guaranteed if a procedure, when applied repeat-
edly, leads to the same result. 
• = Practicability of the valuation, i.e. the procedure can be carried out without unpro-
portional expenditure. 
2.3.1 Monetary valuation 
Priority. When valuating internalized and external effects the highest priority must be 
given to the monetary valuation because it allows an application of classical managerial 
decision instruments and an integration of the ecological objectives in permissive con-
siderations.28 
Monetary valuation of internalized effects 
Market price approach. Already internalized costs of the eco-orientation of companies 
are recorded within the classical accounting as action costs for avoidance, reduction, 
substitution, salvage and disposal and valuated with market prices (market price ap-
proach).29 To this belong, for example, payroll costs for the environmental manager or 
the costs for a company-owned sewage plant. 
Peculiarities. Even if for the determination of costs one can fall back to the procedures 
customary in companies, when carrying out valuations one has to pay attention to some 
peculiarities regarding the structuring of ecological costs and revenues:30 
• = Environmental investments are often very capital intensive. 
• = The sum of ecological costs changes only underproportionally when fluctuations in 
activity occur because ecological costs are often fixed costs. 
• = Ecological costs can most often not be allocated directly to cost objectives but only 
via contribution. They are therefore predominantly overhead costs. 
                                                 
26) Because of this weak point it has to be tried to reach an intersubjective examinability for decisions and informa-
tion on the level of individual economic units. 
27) See KUSCHLANSKI, G. (1986), pp. 37 ff.; DOROW, F. (1991), p. 35 and ROTH, U. (1992), p. 196. 
28) See ENDRES, A. (1983), p. 4. 
29) To the extent of effects valuated by the market see EWERS, H.-J. (1983), pp. 18 ff.; SCHALTEGGER, S. / 
STURM, A. (1992), pp. 73 f. and SEIDEL, E. (1992). 
30) See FLEISCHMANN, E. / PAUDTKE, H. (1977), pp. 20 f.; RENTZ, O. (1979), pp. 113 f. and STÖLZLE, W. 
(1990), p. 403. 
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• = Environmental investments are as a rule irreversible. 
• = Because environmental investments and production processes are coupled the elastic-
ity of costs decreases. 
• = Environmental protection measures base on direct and/or indirect effects. Direct ef-
fects refer to the costs that can directly be put down to the measures. However, if for 
example prices for purchased components or resources increase then this is a case of 
indirect effects. 
• = If ecological costs can not be determined unequivocally then the additional costs or 
savings as result of the measure can be investigated using a difference or incremental 
analysis. 
• = When applying utility-oriented allocation formulas the focus lies on products. In the 
process of it the changes in product features caused by the environmental protection 
measures are also recorded and valuated using an incremental analysis.31 As ecologi-
cal costs the difference amounts are stated. 
Remaining other costs. Because the effects are so complex not always all components 
are recorded by an internalization. Beyond the components recorded internally other 
costs are to be considered which together with the effects recorded internally and valu-
ated using market prices represent the total monetary consequences.32 Legal regulations 
make external effects to internalized costs but because of insufficient information or 
lacking political enforceability other costs may remain.33 
Monetary valuation of external effects 
Value assignment. The monetary valuation of external effects is carried out by assigning 
values to the quantity components determined from the impact matrix.34 For the deter-
mination of the value component on the level of individual economic units one has to 
ask for the costs necessary for the internalization. 
Valuation objective. It is the objective of the valuation of external effects to point out the 
consequences of alternative resource allocation.35 The costs on the level of individual 
economic units can be deduced from the alternative possibilities of action36 which can 
                                                 
31) See STÖLZLE, W. (1990), p. 387. 
32) For a line of proceeding for the determination of the amount of other costs the reader is referred to the valuation 
of external effects. 
33) An example for this is the sewage levy which has to be paid in dependency on the amount of damage units (from 
1 January, 1993 60 DM per unit). The damage units result from the amount of pollutants present in the sewage 
water, such as phosphorus, nitrogen, chlorine, mercury, cadmium, chrome, nickel, lead and copper as well as tox-
icity for fish; see enclosure to § 3 AbwAG. In theory the possibility exists that more than the external costs are in-
ternalized, when either wrong information is used or the political enforceability of a measure is very high. 
34) See BETGE, P. (1988), p. 523. 
35) See BONUS, H. (1988), pp. 212 ff. and FRESE, E. / KLOOCK, J. (1989), p. 3. 
36) See HEINZ, I. (1983), pp. 143 ff.; SCHULZ, W. / WICKE, L. (1987), pp. 109 ff.; HEINZ, I. (1988), pp. 61 ff. 
and BECKENBACH, F. / HAMPICKE, U. / SCHULZ, W. (1989), p. 15. The sometimes used standards of valua-
tion with avoidance costs and damage costs are not applicable for economic questions under the precondition of 
eco-orientation as company objective. Avoidance costs valuate, for example, the costs of relocating residents; 
damage costs ask for health costs or costs of the loss of trees due to pollution. 
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voluntarily be taken by the company in order to prevent damages from occuring in the 
first place.37 These can be subdivided in measures of avoidance,38 reduction, substitu-
tion,39 salvage and disposal.40 The costs for information and decision processes (transac-
tion costs) – as customary in economic calculations – have to be determined as well. 
Selecting the appropriate valuation approach. The above mentioned concepts for deter-
mining external effects point up several valuation approaches. For the selection of the 
appropriate alternative the following line of proceeding can be chosen: 
2.3.2 Non-monetary valuation 
 
quantitative 
entropy approach 
damage functions 
critical volumes 
ecological scarcity 
quality-target-relations 
relative-scaling valuation 
analogy method 
verbal valuation 
impact indicators 
qualitative 
one-dimen-
sional 
multi-di-
mensional 
non-
monetary 
valuation 
 
Figure 6: Systematization of non-monetary valuation methods  
Criteria. Non-monetary valuation methods can be distinguished regarding the criteria 
dimension (one- vs. multi-dimensional) and quantifiability (quantitative variables vs. 
qualitative description); in the following the different methods will be presented: 
Entropy approach. The focus of the entropy approach lies on the valuation of the target 
object regarding its energy use, while the energy contained in the materials is also in-
cluded. The parameter for this is entropy, the value of energy with which all mass and 
energy flows are weighted and then aggregated to an one-dimensional ratio.41 
Damage function. A valuation using damage functions is based on experimental results 
of the bio-ecological research of human- and ecotoxicology as well as the climate re-
                                                 
37) See ENDRES, A. (1983), p. 3. 
38) Between 1975 and 1983 approximately 160 Mrd. DM were spent in the Federal Republic of Germany for the 
avoidance of environmental damages; see RYLL, A. / SCHÄFER, D. (1986). See also COUNCIL ON ENVI-
RONMENTAL QUALITY (CEQ) (Eds.) (1973), pp. 74 ff. 
39) In the literature the term of change-over costs is also used; see HEIZMANN, B. (1989), p. 163. 
40) See the similarly chosen valuation approach by ROTH, U. (1992), pp. 216 f.. 
41  See GÜNTHER, E. (1994), pp. 160 f.; SCHALTEGGER, S. / STURM, A. (1994), pp. 95 ff. 
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search. The balance evaluation can be aggregated to an unequivocal decision variable. 
However, statements can only be deduced for single materials.42 
Quality-target-relations. In the concept of quality-target-relations the materials leaving a 
system are compared with other materials regarding their ecological relevance and 
weighted with an aggregatable term.43 For this it is assumed that the ratio between the 
critical immission values of the single materials equals the ratio of the injuriousness of 
the individual materials.44 
This concept, however, refers only to the output side of a system and does not yet take 
into account energetic emissions (waste heat, sound etc.) because the corresponding 
critical values do not exist or are unimportant. These dimensionless weighting factors 
have as unit of measurement environmental impact-added units per kilogram of the in-
dividual material. The so-called environmental impact-added can be calculated by a 
multiplication with the corresponding emission quantity and then aggregated over the 
complete output side.45 
Ecological scarcity. Because environmental effects are caused by the use of scarce re-
sources ecological scarcity is chosen as suitable indicator. For this the burden on an en-
vironmental resource as of today (actual quantity) is compared with the burden that does 
not yet lead to a deterioration of the situation of the eco-system (tolerance quantity). 
Both quantities are to record for the same spatial area and the same time span. By com-
paring these two quantities one receives the material or energy specific eco-factor as a 
measure for ecological scarcity.46 
By multiplying the quantity of a material with the corresponding eco-factor one receives 
the environmental burden caused by the material. It is stated in so-called environmental 
burden points. This dimensionless unit can be aggregated across all materials and ener-
gies to a total environmental burden.47 
Critical volumes. This approach differentiates between the environmental media air, wa-
ter and soil and energy use. The injuriousness of the impacts on air is described by im-
mission values, for the impacts on water emission values are used. Solid waste is meas-
ured in m3 for each way of disposal and the use of energy (including the increase in en-
tropy) is measured in MJ. Within each of the four categories water, air, waste and energy 
the single values can be aggregated. By doing so for each target object an eco-profile 
consisting of four independent indicators results.48 
Analogy method. This four-dimensional eco-profile shall now be compressed to an un-
equivocal decision variable. For this, the four indicators are recalculated into m2 of bur-
dened area using given weighting factors and then aggregated to a total burden in m2. 
                                                 
42  See SCHALTEGGER, S. / STURM, A. (1994), pp. 100 ff; GÜNTHER, E. (1994), pp. 161 f. 
43  See SCHALTEGGER, S. / STURM, A. (1992c), p. III. 
44  See SCHALTEGGER, S. / STURM, A. (1994), p. 164 in connection with p. 137. 
45  See SCHALTEGGER, S. / STURM, A. (1994), p. 166. 
46  See AHBE, S. / BRAUNSCHWEIG, A. / MÜLLER-WENK, R. (1990), p. 8; BRAUNSCHWEIG, A. / MÜL-
LER-WENK, R. (1993), pp. 43 ff.; BÖNING, J. (1995b), p. 62. 
47  See AHBE, S. / BRAUNSCHWEIG, A. / MÜLLER-WENK, R. (1990), p. 8; BRAUNSCHWEIG, A. / MÜL-
LER-WENK, R. (1993), p. 48. 
48  See AHBE, S. / BRAUNSCHWEIG, A. / MÜLLER-WENK, R. (1990), p. 8; BRAUNSCHWEIG, A. / MÜL-
LER-WENK, R. (1993), p. 48. 
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Impact indicators model. The objective of this model is a quantitative impact analysis. 
For this, in a first step the so-called impact categories such as greenhouse effect, ozone 
depletion, eutrophication etc. are selected. In a second step it is quantified which relative 
amount the materials and energies of an object under consideration contribute to the in-
dividual impact categories. In the third step these values are aggregated to an impact in-
dicator within each category. The result of an impact analysis is therefore a multi-
dimensional term. 
Relative-scaling valuation. For the valuation of all mass and energy flows of a target ob-
ject a valuation screen is chosen that records as completely as possible both the com-
pany‘s internal as well as the demands of external stakeholders regarding the ecological 
performance of the company.49 For this not the direct, scientifically measurable envi-
ronmental impacts are analyzed but the impact of the company‘s activities on the envi-
ronment via which ecological demands are communicated to the company (stakeholder 
approach).50 The individual demands are described by different single criteria. Each 
mass and energy flow is then assessed regarding each criterion using an ABC classifica-
tion: „The A-classification indicates a very ecologically relevant problem and therefore 
a high need for action. The B-classification means that an ecological problem with me-
dium-term need for action exists. A classification number C is made in cases in which 
according to the current state of knowledge the environmental effects are so small that 
the social demands require no need for action.”51 
Verbal valuation. As a flanking measure to the above mentioned valuation methods a 
verbal valuation can be carried out. However, this is not a generally accepted method 
but only a company-individual valuation method that is hard to compare and character-
ized by the diversity of linguistic possibilities. 
3 Translating the valuation into action in information and decision processes 
Structure. Information and decision processes can generally be divided into a three-step 
line of proceeding: 
• = First of all, a general decision model has to be developed. In order to be able to proc-
ess eco-related consequences in it, the model has to satisfy the requirements of an 
economic-ecologically integrated approach. 
• = Second of all, the target object has to be defined for which decisions have to be 
taken. For this it can be differentiated between a spatial, a temporal and a controlling 
perspective. 
• = Third of all, the information is used in goal-leading decision instruments that can be 
selected and and adjusted for the particular case. 
                                                 
49  See HALLAY, H. / PFRIEM, R. (1992), pp. 91 f. 
50  See BÖNING, J. (1995b), p. 105, p. 136. 
51  HALLAY, H. / PFRIEM, R. (1992), p. 94; but see also STAHLMANN, V. (1994a), p. 189. 
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3.1 Decision model 
Information and decision processes. After choosing the target object and defining and 
valuating the eco-related consequences the results go into the information and decision 
process of the company.  
Components of the decision area. The starting point of an information or decision proc-
ess is the definition of the aspired goals. For this all functional areas of the company 
have to be investigated. First of all, for each functional area the action area A, which 
comprises all relevant actions or alternatives respectively, has to be looked at in order to 
be able to valuate all possibilities. The second component of the decision area is the sto-
chastic decision space Z that contains all possible environmental conditions and initial 
conditions. The third component of the decision area is the profit function g which to 
each action a out of A and each condition z out of Z assigns the potentially possible con-
sequences g(a;z).52 
Eco-oriented decision model. Transferring this general economic decision model to eco-
logical circumstances leads to a situation in which environmental conditions e.g. differ-
ent ecological scarcities as stochastic decision space restrict the company’s action op-
portunities, the action space. The objective function consists, for example, of the profit 
contribution p of the single goods or services to be produced with the quantity x and 
therefore pTx. With that one can fall back on the classical construction of an optimiza-
tion problem in which the stochastic decision space Z is marked by the restrictions (Rx 
≤ b) which determine the admissible area that is graphically highlighted in the following 
figure. The action space represents the vector of this decision variable: 
0
max
≥
≤
→
x
bRx
xpT
 
Restrictions and objective function. Eco-related consequences can influence the objec-
tive function as well as the restrictions. They can set new restrictions or change existing 
ones. This is, for example, the case when new critical values are fixed, products are le-
gally prohibited or restricted. They can also influence the profit function. One can, on 
the one hand, think of a change in the cost relations of both products. On the other hand, 
a rotation of the profit function can also result from a change on the revenue side. 
The following figure represents this situation for two products xA and xB, three restric-
tions R1, R2 and R3, two objective functions g and g´ and two attainable optimums L1 
and L2: 
                                                 
52  See BAMBERG, G. / COENENBERG, A. G. (1996), pp. 21ff. 
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Figure 7: Decision model 
3.2 Decision object 
Dimensions. Decision models are operationalized through their reference to certain tar-
get objects. These can show as system a spatial, as period a time or as target a control-
ling dimension. 
3.2.1 System comparison  
Environmental vs. company perspective. For the systems under review it can be distin-
guished between an externally oriented environmental analysis and an internally ori-
ented company analysis. The environmental analysis asks for the environmental effects 
– as result of environmental impacts – on the natural environment. In the context of the 
company analysis the additional burden on the environment resulting from the environ-
mental impacts of the company shall be measured. 
Dimensions of the company analysis. For the company analysis a plant or location ref-
erence, respectively, appears convenient for the first step. For purely economic analyses 
the legal independence can also be a selective criterion. For an ecological analysis, 
however, a spatial reference should be strived for. In a next step an analysis of the com-
pany processes or the company’s products can be carried out. For this it has to be deter-
mined whether the analysis takes place within the system boundary „company“ or 
whether it exceeds the company boundaries as process chain analysis or product tree 
analysis. 
3.2.2 Time comparison 
Continuity. A control of the company, the process or the product that is not confined to 
one period requires a continuous recording by information and decision instruments. For 
this the conditions of several periods have to be compared. Based on the results a con-
clusion about the development of the object can be drawn. For a comparability between 
periods one has to ask whether the same facts occurring at different times are recorded 
and valuated similarly.  
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3.2.3 Target-performance comparison  
Reference object. For the judgment of the ecological success of a company a reference 
object has to be defined. This can be determined internally by performance targets set by 
the corporate management or externally by actual results of other companies, areas, lo-
cations, processes or products as well as legally defined goals. Based on this a control of 
the eco-orientation of the company can be undertaken. 
3.3 Decision instruments  
Design. The concrete design of the objective function and consequently the solution of 
the decision problem can be carried out using different information and decision instru-
ments. It should be noted that goals and restrictions influence the different instruments 
used by the company. The instruments can be distinguished according to the chosen tar-
get object and the kind of valuation. An overview over possible instruments provides the 
following instrument matrix: 
 
 target 
 object 
valuation 
environment plant/ 
location 
process product 
monetary: 
 
external 
 
internal 
 
 
--- 
 
--- 
 
 
- year-end financial  
  statement53 
- earnings statement54 
 
--- 
 
 
- process oriented 
  cost accounting55 
- capital expenditure    
  accounting56 
 
--- 
 
 
- calculation57 
non-monetary 
external 
 
 
internal 
 
--- 
 
 
- ecological 
   success58 
 
- EMAS59 
- DIN ISO 14000ff. 
- ÖBU-approach60 
- IÖW-approach61 
 
- ratios of VDMA62 
 
 
- process balance63 
- process analysis64 
 
- EG-label65 
- Blue Angel66 
 
- product balance67 
- product tree analysis68 
- life cycle analysis69 
 
Figure 8: Instrument matrix 
                                                 
53  See COENENBERG, A.G. (1997a). 
54  See COENENBERG, A.G. (1997). 
55  See COENENBERG, A.G. (1997). 
56  See PERRIDON, L. / STEINER, M. (1997), pp. 27 ff. 
57  See COENENBERG, A.G. (1997). 
58  See GÜNTHER, E. / STURM, A. (1997), pp. 77-80. 
59  See EUROPÄISCHE WIRTSCHAFTSGEMEINSCHAFT (EWG) (Eds.)(1993). 
60  See BRAUNSCHWEIG, A. / MÜLLER-WENK, R. (1993). 
61  See HALLAY, H. / PFRIEM, , R. (1992). 
62  See VDMA (Eds.). 
63  See WAGNER, B. (1992). 
64  See BOGASCHEWSKY, R. / ROLLBERG, R. (1998), pp. 207 ff. 
65  See EUROPÄISCHE WIRTSCHAFTSGEMEINSCHAFT (EWG) (Eds.)(1992). 
66  See www.\blauer-engel.de 
67  See WAGNER, B. (1992). 
68  See WAGNER, B. (1992). 
69  See STEGER, U. (1994), pp. 61 ff. 
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4 Conclusion 
Three step process. Each valuation process can – independent of its economic or eco-
logical focus – be subdivided into three stages: The selection of the target object, the de-
termination of the effects to be analyzed and, last but not least, the monetary or non-
monetary valuation of these effects. Already during the first two stages an implicit 
valuation through the selection processes for the target object and the effects takes 
place. The actual explicit valuation that is predominantly discussed in the literature is 
confined to the last stage. For the whole valuation process the three stages have to be 
clearly separated in order to be able to unequivocally attribute the influences on the re-
sults to the single stages. 
Implementation. Each valuation process is only as good as the information and decision 
instruments that are used in the determination of its results. 
Special features of eco-related consequences. The structure of a valuation process of 
eco-related consequences corresponds to the one for economic, monetary valuable con-
sequences. The scientific discussion needs an objective analysis of the three stages and 
of the information and decision processes that implement the valuation. 
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